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ABSTRACT
In (1). Maestroni and co-Workers (2) have demonstrated that melatonin enhances antibody production against T-dependent antigens in normal mice. Melatonin also counteracts the immunodepression induced by acute stress or corticosteroids on antibody production, thymus Weight, and antiviral resistance (2) . Mechanisms involved in the immunostimulatory effect of pineal gland are not well understood, but evidence suggests that the release of opioid peptides and interleukin-2 by T helper cells (3) may participate in this mechanism by activating at least natural killer cell activity (4) and antibody-dependent cellular cytotoxicity (5). Furthermore, melatonin also activates human monocytes, increasing the cytotoxicity, the secretion of IL-i, and the production of reactive oxygen intermediates (6). The effect of melatonin on the immune system is also supported by the existence of specific binding sites for melatonin in lymphoid cells (7). We have described previously the presence of high-affinity binding sites for melatonin in human blood lymphocytes (8, 9). We have also provided evidence for the presence of low-affinity melatonin binding sites in human granulocytes (10 
MATERIAL AND METHODS

Animals and tissue preparations
Male Wistar rats (lIla Credo) weighting 250-300 g were maintained at constant temperature (23±2#{176}C and 50±5% humidity. Animals received food and water ad libitum and were exposed to an automatically regulated light-dark (LD) cycle of 14:10; the lights were turned off daily from 2000 to 0600 h. Unless otherwise stated, rats were killed between 1200 and 1600 h. The thymus, spleen, brain, and liver were carefully removed and total RNA were treatedwith DNAse; to avoid residual DNA contamination,samples were RNAase treated. The reaction mixture was preincubated 10 mm at 23#{176}C before cDNA synthesis. The reverse transcription (RT) reactions were carried out for 50 mm at 42#{176}C and were heated to 90#{176}C for 5 mm to terminate the RT reaction using a Perkin-Elmer Cetus Thermal Cycler 480.
Polymerase chain reactions(PCR)
Primers used for the amplification of the rat melatonin receptor cDNA fragment were chosen from the RT-PCR-generated fragment of the coding region of rat brain Me115-melatonin receptor (18) or from the PCR-generated fragment of the rat Me111,-melatonin melatonin receptor subtype (19). The positions of the sense and antisense primers were 51-71 and 296-315 for the Mel15-melatonin receptor subtype, respectively, predicting a 264 bp fragment as a result of mRNA RT-PCR amplification ( in 2X SSC/0.l% SDS at room temperature and twice for 15 mm in 2x SSC/0.l% SDS at 60#{176}C. To detect the hybridization signai, the blots were incubated 30 mm in 0.1 M maleic acid/ 0.15 M NaC1/l% blocking reagent and 30 mm with anti-DIG-AP (anti-digoxigenin conjugated to alkaline phosphatase). Finally, they were washed and incubated in Lumigen PPD. Blots were then exposed to Kodak X-OMAT AR film at room temperature.
Cloning and DNA sequencing PCR products were run on agarose gel and eluted by using a 0.22 p.m filter in 100 p.1TE pH 8.0. After ethanol precipitation, DNA was ligated in the presence of 50 ng pGEM-T vector (Promega), 0.5 mM ATP, and 5 U of T4 DNA ligase (Pharmacia, Figure 1 shows the location of the PCR primers within the rat melatonin receptor subtype genes. mRNA from rat brain, liver, thymus, and spleen was obtained. Thereafter, an RT and PCR amplification were performed.
RESULTS
cDNA obtained from the brain was used as a positive control of the membrane Mel5-melatonin receptor mRNA. The cDNA obtained from liver, which was treated with and without reverse transcriptase, was used as a negative control. Moreover, a sample using water instead of cDNA was processed using the primers in each PCR run to ensure the absence of exogenous DNA contamination during the preparation of PCR reactions. RT-PCR reactions were processed with Na/K ATPase housekeeping gene primers (Fig. 2C) .
RT-PCR of mRNA from thymus and spleen resulted in single DNA bands when analyzed by agarose gel electrophoresis ( Fig. 2A) . These RT-PCR products correspond to the predicted size for PCR amplification using the Melia-melatonin receptor cDNA as template.
RT-PCR products obtained with mRNA from the brain, used as positive controls, also gave an amplification product of the same size. No specific band was obtained with RNA from liver or from reactions in which cDNA was omitted.
The Southern blot analysis performed with the 468 bp fragment of the Melia-melatonin receptor-specific probe confirmed the identity of DNA fragments (Fig. 2B) in the brain, thymus, and spleen. No hybridization signal of melatonin receptor mRNA was observed in liver. While trying to identifi the lymphocyte subpopulation where the membrane melatonin receptor is expressed, RT-PCR was performed using mRNA from purified CD4, CD8, DP, DN, or B lymphocytes (Fig.  3A) . Single DNA bands were obtained in all cell preparations studied. The products seemed identical in size with that obtained from brain. No message was amplified from the liver or from reactions in which cDNA was omitted. RT-PCR reactions were processed with Na/K ATPase housekeeping gene primers (Fig. 3C) . The Southern blot analysis with the Mel15-melatonin probe also showed the identity of the DNA fragments in the lymphocyte subpopulations studied. No hybridization signals of melatonin the receptor mRNA were observed in the liver (Fig. 3B) Nucleotide sequences of the melatonin receptors fragments amplified from the brain, thymus, and spleen were studied. Results showed that both thymus and spleen melatonin receptor cDNA fragments exhibited identical nucleotide sequences with the rat brain Melia-melatonin receptor subtype. No expression of the MelIb-melatonin receptor subtype was observed in thymus or spleen when the specific MelIbmelatonin receptor primers were used. However, the same primers used to amplify mRNA extracted from rat retina, used as a positive control, rendered the expected product corresponding to the MelIb-melatonin receptor subtype (data not shown).
Finally, we examined the Melia-melatonin receptor mRNA transcript distribution throughout the rat thymus. Using antisense cRNA to the specific melatonin receptor mRNA, examination of the whole thymus revealed a clear hybridization signal in both the cortex and medulla (Fig. 4A and Fig. 5A ). When the sense riboprobe was used, however, no hybridization signal was observed ( Fig. 4B and Fig. 5B ). show methyl green nuclear staining. x2500.
DISCUSSION
In the present paper we show, for the first time, the expression of Melia-melatonin receptors in both thymus and spleen from the rat. RT-PCR of mRNA from both organs resulted in single DNA bands when analyzed by agarose gel electrophoresis.
These RT-PCR products correspond to the predicted size for PCR amplification using the melatonin receptor cDNA as template. The brain was used as positive control since the expression of the melatonin receptors in this structure has been already studied (18, 19, 22). As expected, no specific band was obtained with RNA from liver because, as far as we know, membrane hepatocytes do not bind 2-['251]iodomelatonin (23). However, it is possible that a specific membrane receptor subtype, different from that in central nervous system, is present in the liver and is not detected with the primers used in this study.
Recently, a G protein-coupled receptor for melatonin has been cloned from Xenopus dermal melanophores (24). Using a PCR approach based on the frog sequence, a high-affinity melatonin receptor that was 60% identical at the amino acid level with the frog receptor was subsequently cloned from several mammals including humans (18, 22, 25). These mammalian receptors showed greater than 80% amino acid identity with each other and thus appear to be species homologous of the same receptor, designated the Melia-melatonin melatonin receptor. The Melia-melatonin receptor gene is expressed in the rodent central nervous system and pars tuberalis. A second melatonin receptor, designated the Melibmelatonin receptor, is 60% identical at the amino acid level to the human Melia-melatonin receptor and is expressed in the human brain and retina (19).
In this paper, we show that rat Melia-melatonin receptor PCR products of the appropriate size (264 bp) were generated from all the lymphoid organs examined. The specificity of the amplification was confirmed by Southern hybridization using the rat Mel1,. 468 bp RT-PCR-generated inserts as a probe. Microscopically, the thymus has a lobular configuration, with each lobule surrounded by fibrous tissue. The lobules are separated into the darkly staining cortex and lightly staining medulla (29). The cortex and medulla are composed predominantly of lymphocytes ("thymocytes") and epithelial cells. As shown in Fig. 4 , the lymphocytes are more closely packed in the cortex than in the medulla. Also, the cortical lymphocytes are less mature than those in the medulla.
Prothymocytes enter the thymus from the bone marrow and migrate to the outer cortex and possibly the corticomedullary junction.
With maturation, the thymic lymphocytes are thought to move from the outer cortex toward the medulla (30). We have studied the distribution of mRNA encoding the melatonin receptor in the rat thymus. In situ hybridization studies revealed hybridization signals in both cortex and medulla, suggesting that the melatonin receptor is probably present during the maturation of T cells.
In the immune system, the functional significance of melatonin mRNA expression by lymphocytes must be elucidated.
Thus 
